This report is a summary of work done towards developing an AutoCAD based system for design and analysis of magnets.
Introduction
The idea behind the development of the programs presented in this report, is to use a CAD system for design and analysis of magnets. The whole system is expected to provide tools for interactive design and analysis, at different levels of development. Furthermore, visualizing the magnet geometry and the possibility of changing it interactively, substantially reduces the time needed to arrive at different configurations, therefore, the process of decision making (at the research group level) will improve considerably.
So far, by using these programs, we are able to dra w a magnet cross section for a "cos 8" configuration [such as NC9 for the Superconducting Supercollider (SSC)], including an iron boundary. Based on such an outlay, we can interactively calculate the magnetic field at any desired point (except inside the conductors) and evaluate the multipoles. By using AutoCAD commands, the shape of the magnet cross section (as well as the iron radius) can be changed very easily, and the magnetic field and/or the harmonics are calculated for the new shape. The files which have been compiled are listed below.
-magnet.mnu -init2.dwg -poly.lsp -inlay.dwg -field.lsp -outly.dwg -inspt.lsp -rec4-jin.dwg -dxout.for -rec4-jout.dwg -mgfld.for -box4-jin.dwg -harm.for -box4-out.dwg -init1.dwg Additional files, as listed below, are supplied by the existing system or are created during the processing.
-insrt.ang -data.fil -cor1.res -turns. cor -cor2.res -poi.dxf -point.cad -poidx.res
VVorking Procedure
After loading a new drawing (working in acad.dir) the first step is to load the specially designed menu "magnet":
Command: menu Prompt: magnet (There is no need for loading this menu for an old drawing.) Loading the magnet menu can be done automatically by AutoCAD by adding it into AutoCAD menus.
The main magnet menu consists of six submenus, namely:
-magnet -fields -cond-typ -save -assembly -bye 2
magnet
This submenu sets up the environment for the entire drawing, and loads the special files to be used.
cond-typ
This submenu will contain a library of different conductor types. It is possible that the best thing to use will be the features of the "Icon Menu" of AutoCAD. A drawing will appear on the screen for each type of conductor listed in the library. So far, this submenu is a regular screen menu that contains the three submenus listed below.
-rec4-j -rec4-i -box-typ
assembly
The trapezoidal-type for constant current density Empty The conductor is represented by a little box in the trapezoid center. This is the drawing menu, and contains four submenus.
-cos-teta -window -others last
Fields
Draws the turns, the inner and outer layer boundaries, and the iron shell for "cos e" type, magnet based on output from the program PK. An empty submenu -for further developments. As above.
Returns the previous menu to the screen. This is the submenu used for magnetic field and harmonic computations, and it contains four submenus.
-save-geo -calc-b
-harmonics
This submenu "freezes" the actual drawing and .computes the turn's coordinates and iron radius.
Computes the magnetic field, at any desired point {which may be entered either numerically or by means of the pointing cursor. -Computes the transfer function and the harmonics for the actual shape.
-last -save -bye
Returns the previous menu to the screen. Saves the drawing, without quitting. Quits AutoCAD, after asking the user to either save or discard the drawing.
The Basic Blocks For Drawing
The drawing procedure (which is explained later) uses two drawing files in order to draw the magnet cross section: inlay.dwg and outly.dwg. These drawings contain a geometry of a typical turn of the inner layer and the outer layer, respectively. After such drawings have been made, a dxfile is written from which data is extracted for the cross section construction. Inlay.dwg and outly.dwg must always have the same drawing form. Following is an explanation of how this is accomplished:
Step 1.
Step 2.
Step 3.
Step 4. -Make a new drawing using the command "Insert initI." The rotation angle for insertion will be the angle which brings the line A-B parallel to the X-Axis.
Step 5.
Step 6.
-Make a block which contains the drawing from Step 4, and name it by a proper name (which will represent the conductor type on the inner layer). -Like Step 3, with the name from Step 5.
Outer Layer -Repeat Steps 1 through 6 for the outer layer conductor, but instead of initl, the name will be init2, and the name of the final block will be representative for the outer layer.
During the work with the magnet Menu, choosing a conductor type, the program will automatically load the appropriate drawing files and load them into inlay.dwg and outly.dwg.
The Files

Magnet Menu
This file contains special commands which have been designed for drawing and computations. As explained earlier, one must load this file in order that the menu will appear on the screen. In the future, this file should be added to the AutoCAD Menu in order to make it one of the Main Menu submenus. The main features of this menu are listed below. Is used to save heap and should be removed when used with Unix operating system.
Menu input is not echoed.
Once this submenu is chosen, the old working files inlay.dwg and outly.dwg are overwritten by the working files for the current choice of conductor.
As above.
A dxfile, by the name of poLdxf is nested (using dxfout command), and a procedure "dxout" is activated (through the shell command) .
The special design getz command allows the user to choose any desired point for field computation.
5
[harmonic] [new-Rad] 4.2 poly.lsp After the operation has been completed, the x,y coordinates of the chosen point are written on the "point. cad" file, and the procedure "mag.fld" is activated (through the shell command).
The procedure "harm" is activated (through the shell command).
The radius can be changed through the following steps. First, the entire drawing is brought to the screen by the "zoom extent" command. This is required so that the present iron boundary will be shown on the screen. The second step is to activate the procedure "ironchg", which allows the computer to find out the present iron radius. The next step is to change the iron radi us, either numerically or by the cursor. That is done using the change command, when pointing on the existing iron boundary as the entity to be changed. After the change has been made, a dxfile is created (through the dxfout command) and the procedure dxout is activated (through the shell command).
This file contains the procedures (in AutoLISP language) used to draw the turns. The procedures are listed below.
drawp
This procedure is defined through drawp, allowing the AutoCAD to recognize drawp as a usual command of the system. The procedure opens the file "insrt.ang" for reading the insertion and the rotation angle, respectively, and then draws the turns by inserting the blocks inlay.dwg and outly.dwg. The insertion point for each turn is defined, in polar terms, by the radius of the inner layer or the outer layer and the insertion angle. The procedure always checks whether the rotation angle in use is greater than the previous one. If so, the insertion point is computed using the inner layer radius (pradin) and the inlay block. If the above condition is not true, the outer layer radius (pradout) and the outly block are used instead. 6
arcbound
The procedure arcbound is used for drawing either the inner and outer layer boundaries, or the iron shell boundary. The input for this procedure is the radius of the desired layer.
The Additional Files
The file contains five more procedures, namely, fbI, fbll, eatblank, car4str, and cdr4str, which have been written by Michael Helm.
fbI finds the next blank in the string, using the recursive procedure fbll. eatblank cancels the blanks in a string, until a nonblank character is found. car4str returns the first nonblank characters of a string. cdr4str returns the last nonblank characters of a string. car4str and cdr4str are similar to the AutoLISP functions car and cdr, which apply to elements of list (instead of strings).
field.lsp
This file contains three procedures which are involved in the process of drawing and computing, and are written in terms of AutoLISP.
getz
By activating this procedure, the user is asked to choose the desired point at which the magnetic field should be computed. After the point is chosen (either by entering x,y coordinates or by pointing), the coordinates are written on file "point.cad", which is the output of this procedure. "point.cad" is the input for the procedure "mgfld.for" explained later.
getr
The procedure getr allows the user to choose the desired iron radius and, accordingly, the iron boundary is drawn (by means of the arcbound procedure). In addition, an output file "iron.rad" is created, containing the iron radius.
ironchg
This procedure opens the file "iron.rad", reads the actual iron radius, and allows the computer to locate the entity to be changed (namely, the iron boundary).
insp t.lsp
This file contains the procedure anglist and the auxiliary procedures car4str, cdr4str, fbI, fbll, and eatblank (which have been explained in section 4.2.3).
anglist
This procedure computes the polar angle ptang of the insertion points, and the rotation angle rotang of each inserted turn. While the polar angle is in radians (as required by the polar point definition in AutoLISP), the rotation angle is in degrees, as required by the insert command of AutoCAD. The input for the computations is the file turns. cor, which contains the x,y coordinates of the turns' corners .
The angles are written (as strings, through the AutoLISP function angtos) on the file "insrt.ang", which is the input for "poly.lsp". The language used is AutoLISP.
dxout.for
This file contains the procedure "polygon." After the drawing has been completed, and a dxfile has been created, this procedure is used in order to find out the new coordinates of the turns' corners (if any change has been made) and the iron radius.
The program searches the file poi.dxf (the output of dxfout command) until the first insert line. Then, the parameters of the insertion points (coordinates and angle) of the basic blocks are written on a temporary file "ins.res" by means of the subroutine par finder. The process is terminated when the string entiti is reached. Then, the writing is done on the temporary file corl.res for the corners (coordinates and rotation angle) for the inner layer, until the string outly is reached. Then, the writing is continued on the temporary file "cor2.res for the outer layer until the string circle is reached. When that happens, the next data is the iron radius which is transferred to the file "iron.rad." As mentioned above, the searching and writing is done by the subroutine par finder.
After the process of searching was completed, the temporary files ins, corl, and cor2 are used as input for computing the new coordinates of the corners. This is done by the subroutines dxcalc and corner calc, and the functions delta x calc, delta y calc. dxcalc computes the dx and dy for the corners of each basic block, and transfers them to a coordinate system rotated by the rotation angle.
corner calc computes the corners' coordinates of each inserted turn by adding the adjusted dx, dy (for each corner) to the insertion point of the turn. delta x calc and delta y calc compute the dx and dy, respectively, which are rotated by the rotation angle. The new coordinates are written (each turn on a line) on file "poidx.res," which is the input for mgfld and harm. Contains the Z coordinates.
Contains the permeability end current values for a specific design.
Contains the iron radius.
This file contains the procedure for calculating the harmonics and the transfer junction for a certain design. The original procedure was developed by L. J. Laslett, and the present one is a slightly modified version, adapted to the input procedure the entire system is using. In addition, the procedure calculates and prints the transfer function.
The input files for this procedure are poidx.res, data.fil, and iron.rad, which have been presented in the preceding section.
Drawing Files
The drawing files, which are listed below, are used either for drawing the magnet cut (through the poly.lsp procedure) or for constructing the basic elements of the drawing (namely, the conductor shape).
initl.dwg -A temporary file, used to store the basic element for each new conductor-type constructed (on the inner layer).
init2.dwg -As above, for the outer layer.
inlay.dwg -the file is used to store the inner layer conductor, when the drawing and the analysis is performed.
outly.dwg -As above, for the outer layer.
rec4-jin.dwg -Represents the inner layer conductor of the NC-9.
rec4-jout.dwg Represents the outer layer conductor of the NC-9.
box4.jin.dwg -Represents a small box around the middle of the inner layer conductor of the NC-9. This type is used when analyzing the behavior of the magnetic field as the current is concentrated in the middle of the conductor, instead of being spread over the entire area.
box4-jout.dwg -As above, for the outer layer conductor.
By-Product Files
The files listed below are created by some of the procedures mentioned earlier and are used as input by the others. In spite of the fact that these files have been explained in connection with the creation files, we will review them briefly. A temporary file, storing the insertion parameters of the elementary blocks.
A temporary file, storing the corner coordinates and the insertion angle of the inner layer turns.
As above, for the outer layer turns.
Stores the coordinates of the desired point at which the magnetic field should be computed.
Stores the permeability and the current values for a specific design.
turns.corr
Stores the turns corners coordinates.
poidx.res
Stores the new turns corners coordinates.
Data Flow
For a better (and easier) understanding of the whole system, we show the data flow, as has been built thus far: As we have pointed out at the beginning of this report, this work represents only a start in the building of an entire drawing and analysis system. We now realize the power and capabilities of the system and have new ideas about a better use of the system. Without taking in to account further developments, which may require a lot of work (and time), there are some points which can be improved upon with very little effort.
Actually, the only data needed as input by the system is the file insrt.ang. A simple procedure can be developed, which should translate the corners coordinates (this is an output of the existing magnet analysis program PK) into the required angles.
The radius of the inner and outer layer should be supplied to the AutoCAD system through an external file, and this will make the poly.lsp file more general.
I ,
The conductor-type submenu has to be an icon menu type, to allow visual selection of the chosen conductor shape.
The special designed menu must be a submenu of the AutoCAD; there was no reason to do that now, but when this submenu is close to the final format, it will be necessary.
As we have already mentioned, the work with AutoCAD on SUN will be much easier, much faster, and more practical. For example, on the SUN, it will be easy to show, in a window, parameters of the magnet, such as the current density, the iron radius, the permeability, the magnetic field at any desired point, and so on. This will be accomplished by creating a file with these features and showing it in a window along side of the magnet drawing. CHARACTER*13PNAME(3) COMMON / VALS / Z,ZC C File "POIDX.RES" contains the x-y coordinates of C the turns' corners,as they are computed by the C "POLYGON" program( file "DXOUT.FOR" ). C File "POINT.CAD" contains the x-y coordinates of C the points magnetic field should be computed. This C file should b e created by the " DXFOUT " command of C AUTOCAD, after pointing at th e requested point. C File" DATA.FIL " contains the values of C permeability and current,as they (should) (2) close ( 3) close (5) 
